Intuitionistic Fuzzy Set (IFS) can be used as a general tool for modeling problems of decision making under uncertainty where, the degree of rejection is defined simultaneously with the degree of acceptance of a piece of information in such a way that these degrees are not complement to each other. Accordingly, an attempt is made to solve intuitionistic fuzzy linear programming problems using a technique based on an earlier technique proposed by Zimmermann to solve fuzzy linear programming problem. Our proposed technique does not require the existing ranking of intuitionistic fuzzy numbers. This method is also different from the existing weight assignment method or the Angelov's method. A comparative study is undertaken and interesting results have been presented.
Introduction
Optimization problems exhibit some level of imprecisions and vagueness. Such phenomena have been well-captured through fuzzy sets in modeling these problems. Applications of fuzzy set theory in optimization of decisions have been studied extensively ever since the introduction of fuzzy sets. The theory of fuzzy sets proposed by Zadeh is a realistic and practical means to describe the objective world that we live in and has also been successfully applied in various other fields.
In decision making problems, the concept of maximizing decision under un-International Journal of Intelligence Science certainty was proposed by Bellman and Zadeh [1] . This concept was adopted to problems of mathematical programming by Tanaka and others. Zimmermann [2] presented a fuzzy approach to multi-objective linear programming problems. He also studied the duality relations in fuzzy linear programming. Fuzzy linear programming problem (FLPP) with fuzzy coefficients was formulated by Negoita [3] and called robust programming. Dubois and Prade investigated linear fuzzy constraints [4] . Tanaka and Asai also proposed a formulation of fuzzy linear programming with fuzzy constraints and suggested a method for its solution which is based on inequality relation between fuzzy numbers [5] . This ranking of fuzzy numbers is an important issue in the study of optimization using fuzzy set theory.
Recent years have witnessed a growing interest in the study of decision making problems under uncertainty with intuitionistic fuzzy sets/numbers [6] [7] [8] [9] [10] . Out of several higher order fuzzy sets, intuitionistic fuzzy set introduced by Atanassov [11] [12] [13] [14] has been found to be highly useful in dealing with imprecision. Since this fuzzy set generalization can present the degrees of membership and non-membership of an element of the set with a degree of hesitancy, the knowledge and semantic representation becomes more meaningful and applicable. Authors in [15] presented an overview on IFS viz., some definitions, basic operations, some algebra, modal operators and also its normalization. Later, D. Dubey [16] proposed an approach based on value and ambiguity indices to solve LPPs with data as Triangular Intuitionistic Fuzzy Numbers. Parvathi and Malathi [17] [18] worked on the intuitionistic fuzzy decisive set method which, is a combination of bisection method and phase one of the simplex method to obtain a feasible solution. In [19] , the authors described a method to approximate a TIFN to a nearly approximated interval number. The average ranking index is also introduced here to find out order relations between two TIFNs. On ranking intuitionistic fuzzy numbers, some work had been reported in the literature. Mitchell [20] considered the problem of ranking a set of intuitionistic fuzzy numbers to define a fuzzy rank and a characteristic vagueness factor for each intuitionistic fuzzy number. Ranking using score function is introduced in [21] . Here, all the arithmetic operations of TIFN are based on In this paper, our aim is to propose a method to solve intuitionistic fuzzy linear programming problem (IFLPP) using a technique based on an earlier technique proposed by Zimmermann [2] for solving fuzzy linear programming problems. First, we represent such an uncertain optimization problem in the form of a LPP where each of the coefficients of the objective and the constraints are considered as IFS's and the inequalities as intuitionistic fuzzy inequalities. These IFS's are first defuzzified based on maximum membership and is translated into a LPP with crisp coefficients and intuitionistic inequalities. Next, the reduced IFO problem is restructured according to Bellman and Zadeh to an ordinary LPP where decisions are based on maximum membership and minimum non-membership. This technique does not require the existing ranking of intuitionistic fuzzy numbers. This method is also different from the Weight assignment method, Angelov's method as well as the modified subgradient method to solve IFLPP using FLPP technique. A comparative study is performed and interesting results are presented.
The paper is organized in six sections. The introductory section is followed by presentation of some basic concepts necessary for the development of a mechanism for solving intuitionistic fuzzy linear programming problems. In this section, basic concept of Triangular Intuitionistic Fuzzy Number (TIFN) is described. In Section 3, we discuss fuzzy linear programming problem and introduce a new method analogous with it, to solve IFLPP when both the coefficient matrix of the constraints and cost coefficients are intuitionistic fuzzy in nature. In Section 4, there is a comparative study between some of the other optimization techniques with our proposed technique for solving an intuitionistic fuzzy linear programming problem. Section 5 concludes the present paper and refers to some problems for further studies which is followed by a list of references in the last section. 
Preliminaries
, A  becomes a fuzzy set. Therefore, a fuzzy set is a special Intuitionistic Fuzzy Set (IFS). ; for all j x U ∈ .
Definition 5 [19] An intuitionistic fuzzy set A of U is said to be normal if
, .
α β -cut of an intuitionistic fuzzy set to be denoted by ( )
defined as the crisp set of elements x which belong to A  at least to the degree α and which does not belong to A  at most to the degree β .
Definition 7 [19] An intuitionistic fuzzy number (IFN)
j A  is 1) an intuitionistic fuzzy subset of the real line ℜ ; 2) normal, i.e.,
3) convex for the membership function, i.e., 
Intuitionistic Fuzzy Programming Technique
We consider the linear programming problem (LPP) with cost of decision variables and co-efficient matrix of constraints represented as trapezoidal fuzzy in nature: 
The class of fuzzy linear programming models is not uniquely defined as it depends upon the type of fuzziness as also its specification as prescribed by the decision maker. Accordingly, the class of FLPP can be broadly classified as: Intuitionistic fuzzy optimization (IFO), a method of uncertainty optimization, is put forward on the basis of intuitionistic fuzzy sets, due to Atanassov A. Kabiraj et al. [11] . It is an extension of fuzzy optimization in which the degrees of rejection of objective(s) and constraints are considered together with the degrees of satisfaction. According to different interpretations, distinct IFLPP could be formulated.
In this paper, we try to examine the case in which all the co-efficients and the right hand side constants appearing in the constraints are modeled as TIFN and then reformulated as a LPP with intuitionistic fuzzy inequalities and objective function. 
, , ; , , , , ; , , , , ; , and , , , . 
Now, the above can be solved easily by using usual simplex method.
Thus, the following are the steps proposed to solve the LPP under the intuitionistic fuzzy environment Algorithm:
Input: An Intuitionistic fuzzy LPP in mathematical form.
Output: Optimal solution and corresponding decision.
Step 1: Choose an aspiration level 0 Z of the objective function and set tolerances for objective as well as constraints so that required solution become feasible.
Step 2: Defuzzify the intuitionistic fuzzy sets appearing as co-efficients in the objective and the constraints and subsequently rewrite the system with crisp numbers and intuitionistic inequalities.
Step 3: Construct membership function µ and non-membership function ν for the objective and the constraints depending on the choice of 0 Z and tolerances as set.
Step 4: Taking minimal acceptance degree α and maximal degree of rejec- 
Step 6: Solve the ordinary linear programming problem using simplex technique.
Example 1: Let us consider an intuitionistic fuzzy LPP as in the following: For different values of 1 2 , p p solution of the given problem is presented in Table 1 .
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An Illustrative Study
In Section 3, instead of IFLPP if we take the corresponding FLPP and solve the same using Zimmermann's technique [2] 
Result and discussion: Table 1 lists the solution of (14) In fact, there are some cases where due to insufficiency in the available information, the evaluation of the membership and non-membership functions together gives better and/or satisfactory result than considering either the membership value or the non-membership value. Accordingly, there remains a part indeterministic on which hesitation survives. Certainly fuzzy optimization is unable to deal such hesitation since in this case here membership and non-membership functions are complement to each other. Here, we extend Zimmermann's optimization technique for solving FLPP. In our proposed technique, sum of membership degree and non-membership degree always taken as strictly less than one and hence hesitation arises. Consequently, to achieve the aspiration level 0 Z of the objective function, our proposed method for solving IFLPP converge rapidly as seen in Figure 1 . In fuzzy environment, to obtain the same 0 Z we have to set very large values of the tolerances which may sometimes be absurd. Figure 1 shows the value of the objective function 
Conclusions
In human decision making problem, IFO plays an important and useful role. There is considerable scope for research in this domain. In future, this research work could be extended to some other uncertain environment such as representation using Pythagorean fuzzy set [38] , interval neutrosophic set [39] etc. This also includes, in particular, an attempt to find solution for a class of IFLPP without converting them to crisp LPP and to compare other existing fuzzy optimization techniques with the proposed one.
